Testin I and testin II are the two molecular variants of testin that are synthesized and secreted by Sertoli cells in vitro. NTerminal and partial internal amino acid sequence analysis of testin I and testin II reveals that these molecules are identical with the exception that testin II has three extra N-terminal amino acids of TAP compared to testin I. Studies using immunohistochemistry suggested that testin is a component of the specialized junctional complexes in the seminiferous epithelium and other tissues. Immunoreactive testin is localized not only at Sertoli-Sertoli and Sertoli-germ cell junctions, but also at sites of similar junctions in the liver, epididymis, kidney, and intestine. Other physiological studies have shown that the secretion of testin is tightly coupled to the presence of germ cells. In view of its possible role in germ cell development and its unique localization in the cell junction, the purpose of the present study was to determine the structure of testin by sequencing its full-length cDNA. Two synthetic degenerate oligonucleotides based on the N-terminal and an internal amino acid sequence were used for polymerase chain reaction (PCR) to obtain a 289-bp cDNA fragment. This PCR product was subsequently used to isolate a 1371-bp cDNA from a cDNA expression library constructed from Sertoli cell poly(A) RNA. This cDNA coded for a 333 amino acid peptide that starts with an ATG initiation codon from the 5' end and ends with a TGA termination codon located 245 nucleotides before the polyadenylation site. The deduced amino acid sequence indicates that testin contains a 16 amino acid signal peptide with two possible cleavage sites that yield 314 and 317 amino acids for testin I and testin II with calculated molecular weights of 36 029 and 36 299, respectively. Comparison of the entire coding region of testin with existing sequences at Genbank, EMBL, and Protein Identification Resource indicates that testin shares 58%, 57.4%, and 61% identity with rat, mouse, and human cathepsin L at the amino acid level, respectively. The positions of all of the 7 Cys residues and 8 of the 10 Trp residues in testin are conserved with respect to those present in cathepsin L. It is noted that Cys-122 in the predicted active site of cathepsin L was replaced with Ser-122 in testin. In view of the striking primary sequence homology between testin and cathepsin L, we assayed the proteolytic activity of testin using conditions known to activate cathepsin L. Results of these studies showed that no cathepsin L-like protease activity was detected. Northern blot analysis revealed that the testin mRNA was detectable in Sertoli cells, testis, and ovary, but not in brain, liver, kidney, spleen, intestine, epididymis, or uterus from either male or female adult rats. However, hot-nested reverse transcriptase (RT)-PCR yielded a distinctive band with the expected size not only from the RNA of Sertoli cells, testis, and ovary, but also from epididymis, kidney, and intestine. However, the expression of the testin mRNA transcript in the gonads is several orders of magnitude higher than in other tissues, suggesting that its expression is correlated with the rapid tissue remodeling in the gonads during germ cell and follicle development. In conclusion, testin is a newly identified component of cell junction whose mRNA is predominantly expressed in the gonads.
INTRODUCTION
In the testis, the tight junctions between adjacent Sertoli cells create a unique microenvironment in the adluminal compartment behind the blood-testis barrier that segregates the developing germ cells from the systemic circulation [1] [2] [3] . Since the developing germ cells must traverse through the tight junctions between Sertoli cells during different stages of the spermatogenic cycle, there are extensive degradation and continual renewal of the components in these cellular junctions. It is known that Sertoli cells produce several proteases and protease inhibitors, such as cathepsin L [4, 5] , plasminogen activator [6] , cystatin c [7] , tissue inhibitor of metalloproteases [8] , and ac 2 -macroglobulin [9] [10] [11] , that are involved in the tissue remodeling of the seminiferous epithelium. It is therefore proposed that the Sertoli cell would also secrete proteins that are involved in the formation of the junctional complexes.
Previous studies from our laboratory have shown that Sertoli cells synthesize and secrete two proteins, designated testin I and testin II, of Mr 35 000 and 37 000, respectively [12] [13] [14] . N-Terminal amino acid sequence of these proteins reveals that they are identical except that testin II has three extra amino acids of TAP at its N-terminus. Thus, testin I and II appear to be the molecular variants of the same protein. However, the physiological significance of testin is not known. Three separate studies suggested that the secretion of testin by Sertoli cells is tightly coupled to the presence of germ cells. First, the secretion of testin by seminiferous tubules cultured in vitro decreases steadily with maturation of the tubular epithelium as germ cells appear [12, 13] . Secondly, there is a dramatic increase in the testicular content of testin after a single dose of busulfan treatment, which selectively depletes germ cells from the seminiferous epithelium without interfering with androgen production by Leydig cells; as the testes recover and germ cells reappear in the tubule, the testicular testin content declines to normal levels [13, 15] . Thirdly, when adult rats receive an acute dose of X-irradiation sufficient to destroy spermatogonia and some preleptotene spermatocytes, there is a significant increase in the level of testicular testin on Days 30-50 following irradiation that is associated with a predominant depletion of late spermatids [16] . These results support the postulate that there is an inverse correlation between the concentrations of testicular testin and germ cells. Another interpretation is that when germ cells are removed by chemical or irradiation treatments, Sertoli cells are induced to secrete testin to be used to replenish the Sertoli-germ cell junctions as it is an integral component of the junctional complex.
In this study we report the primary sequence of testin and show that this protein is widely distributed in junctional complexes in multiple tissues as evidenced by immunohistochemistry. Northern blots, reverse transcriptasepolymerase chain reaction (RT-PCR), and immunoblots suggest that there is greater expression of testin in the gonads than in other organs.
MATERIALS AND METHODS

Purification of Testin from Sertoli Cell-Enriched Culture Medium and Amino Acid Sequence Analysis
Testin I and testin II were purified from primary Sertoli cell-enriched culture medium by sequential HPLCs consisting of anion exchange, chromatofocusing, and high-performance electrophoresis chromatography (HPEC) [13, 15] . N-Terminal amino acid sequence analysis was performed through use of about 0.1 nmol of purified testin I or testin II [17] [18] [19] . To generate peptide fragments of testin for internal amino acid sequencing, testin was cleaved with either Staphylococcus aureus protease V8 (a Glu-C endopeptidase; Calbiochem, San Diego, CA), Arg C endopeptidase (from mouse submaxillary gland; Calbiochem), N-tosyl-Lphenylalanyl-chloromethyl ketone-treated trypsin (TPCKtrypsin, protein sequencing grade; Pierce, Rockford, IL), or low pH; the peptide fragments were fractionated onto a 15% T SDS-polyacrylamide gel, transferred onto polyvinylidene difluoride (PVDF) membrane, and sequenced via an Applied Biosystems 473A (Foster City, CA) pulsed-liquid phase protein sequencer as previously described [18, 20, 21] .
Immunohistochemical Staining
Adult rats between 250 and 280 g in body weight were killed by cervical dislocation following anesthesia with Metofane (methoxyflurane) from Pitman-Moore, Inc. (Mundelein, IL). Testis, epididymis, kidney, liver, and small intestine were removed and immediately frozen in liquid nitrogen. The unfixed tissues were sectioned to a 5-zm thickness in a cryostat microtome at -22°C. Sections were placed directly on poly-L-lysine-coated slides, air-dried at room temperature for 30 sec, and fixed in 4% formaldehyde (v/v) in PBS buffer (10 mM sodium phosphate, 0.15 M NaCl, pH 7.4, at 22 0 C) or modified Bouin's solution containing 4% formaldehyde in saturated picric acid for 3 min at room temperature. They were subsequently washed with PBS three times (5 min each). The endogenous peroxidase activity was blocked by treatment with 0.03% hydrogen peroxide (v/v) for 3 min. Nonspecific sites were blocked by treatment with 10% BSA (w/v) for 10 min and the sections were dried at 4°C. Immunostaining with streptavidin-biotin complex was performed according to procedures specified by the manufacturer (Zymed Laboratories, Inc., South San Francisco, CA). Briefly, tissue sections were incubated with the rabbit anti-rat testin II antibody at a dilution of 1:300 at 37°C for 1 h, washed three times with PBS (5 min each), incubated with biotinylated second antibody (goat anti-rabbit IgG) for 30 min, washed three times with PBS (5 min each), and incubated with streptavidin-peroxidase complex for 10 min. The sections were washed thoroughly with PBS and developed in an AEC-H 2 0 2 staining system (Zymed) for 3-15 min. The slides were then washed in water for at least 15 min. to stop the reaction, counterstained with Mayer's hematoxylin, mounted, and examined microscopically. Controls were performed by substituting the primary antibody in adjacent sections with 1) antibody preabsorbed with purified testin II, the absorbed antibody having been prepared by incubating anti-testin II antibody at 1:300 dilution (1 ml) with 10 Iig of purified rat testin II overnight at 4°C; 2) substituting the primary antibody with preimmune serum; 3) substituting the primary antibody with normal rabbit serum; 4) substituting the second antibody with PBS buffer; 5) substituting the primary antibody with antitestin II antibody preabsorbed by protein A-Sepharose (antiserum:resin, 0.1 ml:10 ml).
PCR Amplification of Testin Fragment from Its NTerminus
We had initially attempted to isolate the testin full-length cDNA using several batches of polyclonal antibodies prepared against purified testin I or testin II, as well as several rat testis expression libraries, without success, primarily because of its low abundancy. To overcome this difficulty, we used PCR to prepare a partial cDNA clone for testin that was then used to isolate its full-length cDNA from a Sertoli cell cDNA expression library. Briefly, a cDNA clone for testin was prepared through use of two degenerate oligonucleotides synthesized based on the partial N-terminal amino acid sequence for testin (5'-TCTAGAGAYGTNGARTGGAAY-GARTGG-3') and a downstream internal amino acid sequence (5'-TCTAGANACYCANGCYCANAYRTG-3') as primers. Xba I (TCTAGA, underlined) sites were incorporated into these primers to allow subsequent cloning of the PCR product into a plasmid (N, any base; Y, T, or C; R, A, or G). For RT-PCR, total RNA isolated from Sertoli cells through the use of 20-day-old rat testes was first reverse transcribed to DNA and used as a template. Cycling parameters for PCR were denaturation at 94°C for 1 min, annealing at 57 0 C for 2 min, extension at 72 0 C for 1 min; a total of 40 cycles were performed. The cycles were followed by a 15-min extension period at 72°C. No testin-specific PCR product was obtained during the first PCR reaction. Consequently, one tenth of the first PCR reaction was used for reamplification and a 289-bp PCR product was obtained that coded for about one third of the protein from the N-terminus. It was then cloned into pGem 4Z (Promega, Madison, WI), sequenced, and used to screen a rat Sertoli cell cDNA library to isolate the full-length cDNA clone.
cDNA Library Construction, Screening, and Sequencing
The use of a rat Sertoli cell cDNA library was critical to isolate the full-length testin cDNA. We had tried to screen more than a million plaques with three different rat testis cDNA expression libraries using the 289-bp PCR product, without success. We subsequently constructed a rat Sertoli cell cDNA expression library with the Uni-ZAP XR unidirectional vector from Stratagene (LaJolla, CA) using poly(A) RNA isolated from primary cultures of Sertoli cells prepared from 20-day-old rat testis. Approximately 1 x 106 clones were screened by plaque hybridization with the a-[
32 P]-labeled 289-bp testin PCR product. Nitrocellulose filters were prehybridized for 4 h in 50% deionized formamide, 5-strength SSPE (0.75 M sodium chloride, 0.5 M sodium phosphate, and 5 mM EDTA, pH 7. , and 100 ig/ml denatured salmon sperm DNA at 42°C. Filters were hybridized by adding 1 x 106 cpm/ml of the nick-translated probe and were incubated overnight at 42°C. Filters were washed three times for 30 min each in doublestrength SSC buffer (0.3 M sodium chloride and 30 mM sodium citrate, pH 7.0)/0.2% SDS (w/v) at room temperature, one time in single-strength SSC/0.1% SDS (w/v) for 30 min at 65°C, and one time in 0.1-strength SSC/0.1% SDS (w/v) for 30 min at room temperature. More than 70 positive clones were isolated. In vivo excision of the pBluescript phagemid was performed on two of the isolated clones according to the protocols supplied by the manufacturer, and these clones were designated T44 and T51. Nucleotide sequence analysis from both orientations was performed by dideoxynucleotide chain termination method with Sequenase (Version 2.0; U.S. Biochemicals, Cleveland, OH), according to procedures supplied by the manufacturer, for both clones as previously described [22] .
Protease Assays
Protease activity was assayed by using various proteases and methyl-a- [ , respectively. These two proteases were used in all experiments performed in this study except that a limited amount of rat testicular cathepsin L was purified from Sertoli cell-enriched culture medium as described below in order to study its protease activity and possible cross-reactivity with testin. Preincubation of testin for activation by trypsin and cathepsin D was performed in 50 Il of the appropriate buffer (described above) for the specified incubation time at 37 0 C. Protease activity of testin was then assayed at either pH 3.0, 5.5, or 7.4 to monitor for either aspartic, cysteine, or serine protease activity by addition of 140 Il1 of the specified buffer and 10 1 of [ 14 C]casein for 30 min at 37 0 C. Hydrolyzed fragments were quantified using a 13-counter. To visualize the processing of testin into smaller fragments, testin was incubated with either trypsin, cathepsin L, or cathepsin D, with appropriate buffers as described above at specific pH or at pH 3.0 in 40 mM sodium citrate buffer for the specified time; the samples were resolved on a 12.5% T SDS-polyacrylamide gel, transferred to nitrocellulose, and stained with anti-testin I antibody. Similar experiments were performed using [125I]-testin II labeled with Bolton-Hunter reagent [13] .
RNA Extraction and Northern Blot Analysis
Total RNA was isolated from primary cultures of Sertoli cells from 20-day-old rats or adult tissues by RNAzol B solution (Tel-Test "B," Inc., Friendswood, TX) according to the manufacturer's protocols. Total RNA was denatured in 6% formaldehyde/50% formamide in single-strength MOPS buffer ( 32 P]-labeled antisense RNA probe transcribed from the 289-bp testin PCR product, approximately 1 x 106 cpm/ml was added and hybridized overnight at 60°C. The blots were washed three times in single-strength SSPE/0.5% SDS (w/v) for 15 min each at 65°C and then washed once in 0.1-strength SSPE/0.5% SDS (w/v) for 15 min at 60°C. The filters were subjected to autoradiography with a double intensifying screen for 4 days.
Amplification of RNA by Hot-Nested RT-PCR
Since testin mRNA was not readily detectable in many of the tissue extracts by Northern blots using as many as 30 Rg total RNA or 10 pxg poly(A) RNA, except in the gonads, hot-nested PCR was performed to amplify the testin mRNA. About 4 Rig of total RNA for each tissue was reversed transcribed to DNA at 42 0 C for 60 min via an AMV reverse transcriptase kit (Promega) as suggested by the manufacturer. Briefly, 4 units of reverse transcriptase, 10 units of RNasin, 2.5 l of dNTPs (10 mM each nucleotide), 2.5 lI of DTT (100 mM), 5 l of 5-strength RT buffer, 0.5 RIg of an antisense primer (5' -ACCATGGGTAACATTAGATCCCATG-3', complementary to the nucleotide sequence between nucleotides 459 and 483), and sterilized double-distilled water were incubated with the total RNA in a final reaction volume of 25 Il at 42°C for 60 min. The whole reaction product served as a template for PCR using 0.5 g of the antisense primer and 1 g of the sense primer 5'-GGACAA-AACATGGGAAAACATACAA-3' (nucleotide sequence 50-74), 10 Il of 10-strength PCR buffer, 16 pl of dNTPs (200 p.M each nucleotide), 5 units of Taq DNA polymerase (Stratagene), and sterilized double-distilled water in a final reaction volume of 100 l. The cycling parameters for the PCR were denaturation at 94°C for.1 min, annealing at 56°C for 2 min, and extension at 72 0 C for 3 min; a total of 40 cycles were performed. The cycles were followed by a 15-min extension period at 72°C. Specific amplification of the testin mRNA with these primers yielded a 434-bp product. An aliquot of 5 l1 of this PCR reaction product served as a template for hot-nested PCR [23] using a nested primer that was prepared from an internal nucleotide sequence (5'-TGTGAAAATGATGACAGGCTTTCAAAGG-3') corresponding to nucleotides 216-243. This internal primer was end-labeled by T4 polynucleotide kinase with [y-32 PATP (specific activity, 7000 Ci/mmol; ICN Biochemicals, Costa Mesa, CA), and about 42 x 106 cpm was used per reaction tube. About 1 g of the antisense primer (nucleotides 459-483) as described above was used as another primer in this second PCR reamplification reaction, together with 10 pIl 10-strength PCR buffer, 16 l 1 dNTPs (200 M each nucleotide), 5 units Taq DNA polymerase, and sterilized double-distilled water in a final reaction volume of 100 l. The cycling parameters for the PCR were 94C for 1 min, annealing at 58°C for 2 min, and extension at 72 0 C for 3 min; a total of 40 cycles were performed. The cycles were followed by a 15-min extension period at 72°C. A 10-pLl aliquot was resolved onto a 5% T polyacrylamide gel in 0.5-strength buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA, pH 8.0 at 22 0 C) and exposed to X-Omat AR film (Eastman Kodak, Rochester, NY) to detect the 268-bp PCR product.
RIA of Testin
Since cathepsin L shares extensive sequence identity with testin, we assessed whether or not rat cathepsin L, human cathepsin L, or bovine cathepsin D can cross-react with antirat testin antibody using an RIA developed specifically for rat testin [12, 13] . Serial doses of cathepsins between 0.01 and 50 Rg were added onto the assay tube to determine whether they competed with the binding of [
125 I]-testin to its antibody. RIA was performed as previously described [13] . Purified testin II was radiolabeled with Bolton-Hunter reagent, and a monospecific anti-testin II antiserum (CYCMB 22-B-2) at a final dilution of 1:10 000 was used [12, 13] . The minimal detectable dose and the 50% displacement were 0.06 ng and 1.32 ng/assay tube, respectively. The intraassay and interassay coefficients were 7 and 11%, respectively. Rat cathepsin L was purified from Sertoli cell-enriched culture medium by sequential anion exchange, gel permeation, and C8 reversed-phase HPLC; its identity was confirmed by direct N-terminal amino acid sequencing, which yielded a partial sequence of NH 2 -TPKFDQTFNAQXH.
RESULTS
Purification of Testin and Determination of Partial Internal Amino Acid Sequences
Testin I (Mr 35 000) and testin II (Mr 37 000) were purified from primary Sertoli cell-enriched culture medium by sequential HPLC and HPEC [12, 13, 15] ; the purified testin I and testin II are shown in Figure 1 . Protein sequence data from the N-terminus of testin I and testin II as well as from internal fragments were obtained after specific cleavage of the purified testin I and testin II with either a Glu-C or Arg-C endopeptidase; these data are shown in Figure  3B . N-Terminal amino acid sequence and partial internal sequence analysis revealed that testin I and testin II were identical, with the exception that testin II had three extra N-terminal amino acids of TAP that were absent in testin I. It was noted that in one batch of purified testin II, the Nterminus amino acid was Ala instead of Thr, suggesting the existence of polymorphism.
Immunohistochemical Localization of Testin
The localization of testin in the testis and in other tissues was determined by immunohistochemistry. Figure 2 , A and B, show a cross section of a seminiferous tubule of the testis at stage VIII. This stage of the spermatogenic cycle is characterized by the presence of elongated spermatids (es) on the border of the epithelium and a homogenous zone of round spermatids (rs). Immunoreactive testin was observed as dark red-brown particles localized in the adult rat testis at the sites of Sertoli-Sertoli junctions below the pachytene spermatocytes (p) and above the spermatogonia (sg, arrowheads). Testin was also observed in the concave side of the elongated spermatids (es, arrowhead with an asterisk). Figure 2B is the preabsorbed control, in which the antibody was preincubated with excessive antigen as described in Materials and Methods. Other controls described in Materials and Methods also yielded similar results (shown in Figure 2B ) without any apparent testin immunostaining, indicating the specificity of the immunostaining shown in Figure 2A . In addition to the testis, several other organs were used to determine the localization of testins. In the cauda epididymis (Fig. 2C ), testin was localized at the border of the epithelial cell junctions. Testin was localized in the cell junctions of the cortical collecting ducts of the kidney (Fig. 2E ). In addition, testin was localized in the cell-cell junctions of the small intestine ( Fig.   2G ) and of the liver (Fig. 21) . Figure 2 , D, F, H, and J, show the controls for the corresponding tissues using preimmune serum. These results clearly demonstrate that testin is present in the junctional complexes in multiple tissues.
Cloning, Nucleotide Sequence Analysis of the Testin cDNA Clone, and Its Primary Structure Determination
The strategy for sequencing the full-length testin cDNA clone and a partial restriction map are shown in Figure 3A . In order to obtain clones for testin, two degenerate oligonucleotide pools, based on the most frequent codon usage in the rat species [24] , were synthesized on the basis of the N-terminal amino acid sequence for testin and a downstream internal amino acid sequence as described in Materials and Methods. These oligonucleotides were used for PCR to obtain a 289-bp cDNA fragment coding for part of testin near its N-terminus corresponding to nucleotides 28-316 of the testin gene shown in Figure 3B . This PCR product was then used to screen a cDNA expression library constructed from Sertoli cell poly(A) RNA to isolate the fulllength cDNA. Of the 70 positive clones obtained, two clones designated T44 (1371 bp) and T51 (1335 bp), containing the entire testin I and testin II coding regions, were sequenced. The nucleotide sequence and the deduced amino acid sequence are shown in Figure 3B . The two clones, T44 and T51, were identical except that T44 had an additional 36-bp sequence of 5'-GAAACAGATCTGTAGAACCCAA-GATTCTCTGAAACT-3' in the 5' noncoding region as shown in Figure 3B . The open reading frame of this cDNA coded for a 333 amino acid protein that started with an ATG initiation codon from the 5' end and ended with a TGA termination codon located 245 nucleotides before the polyadenylation site. The deduced amino acid sequence indicated that testin contained a 16 amino acid signal peptide with
FIG. 2. A-J) Immunohistochemical localization of testin in the rat testis (A,B), epididymis (C,D), kidney (E,F), small intestine (G,H), and liver (I,J).
Cryostat sections were immunostained by Zymed Histostain-SP with Mayer's hematoxylin as a counterstain as described in Materials and Methods. A) This is a stage VIII tubule of the spermatogenic cycle, characterized by the presence of elongated spermatids (es) on the border of the epithelium and a homogenous zone of round spermatids (rs). Immunoreactive testin was observed as dark red-brown deposits (arrowheads) localized in the adult rat testis at the sites of Sertoli-Sertoli junctions below the pachytene spermatocytes (p) and above the spermatogonia (sg). Testin was also observed in the concave side (arrowhead with an asterisk) of the elongated spermatids (es). Bar = 10 bm. B) Same stage as shown in (A) but stained with anti-testin II antibody preabsorbed with purified testin II. The absence of the red-brown deposits indicates that the staining shown in (A) was specific. C) In this cross section of the cauda epididymis, immunoreactive testin was detected in the luminal border (arrowhead) of epithelium consistent with localization in the epithelial junctional complexes. E) In the rat kidney cortex, testin was localized in the junctions of cortical collecting ducts (arrowhead). (G) A section of the rat small intestine where testin was localized in the columnar epithelium of the intestine villi coincides with the zona occlusions in the intestine epithelium (arrowhead). (I) A section of the adult rat liver showing that testin was localized in junctions between hepatocytes (arrowhead). Figures D, F , H, and J are the corresponding controls using preimmune testin serum. Magnification x285.
two possible cleavage sites that yield 314 and 317 amino acids for testin I and testin II with calculated molecular weights of 36 029 and 36 299, respectively. There is only one potential N-glycosylation site at amino acid 157 from the N-terminus. Comparison of the entire coding region of testin with existing sequences in the database in Genbank, EMBL, or PIR revealed that testin shares 58%, 57.4%, and 61% identity with rat [25, 26] , mouse [27, 28] , and human [28] [29] [30] cathepsin L, respectively, at the amino acid level (Fig. 3C) . The testin cDNA shares 68% identity with rat cathepsin L at the nucleotide level. The positions of all seven cysteine residues and of eight of the ten tryptophan residues in testin are conserved with respect to those present in cathepsin L. It is noted that of the two predicted active sites (Cys-122 and His-260) of cathepsin L [31, 32] , Cys-122 was replaced with Ser-122 in testin while His-260 remained unchanged (Fig. 3C ). In addition, the N-terminal region of testin from amino acids 1-98, which is analogous to the activation peptide of cathepsin L, displays a 48% identity with rat cathepsin L, whereas the latter half of the testin sequence shows a 64% identity to the active enzyme of cathepsin L. Testin also displayed 40% sequence identity with mouse CTLA-2a and CTLA-2, two novel molecules whose mRNAs are expressed only in activated T lymphocytes and in mast cells [33] . Figure 3D shows the hydrophobicity analysis of testin using the amino acid sequence deduced from its nucleotide sequence based on a program of Kyte and Amino acids that are identical to testin are boxed and shaded. It was noted that testin displays 58%, 57.4%, and 61% similarity to rat, mouse, and human cathepsin L, respectively, at the amino acid level. The positions of eight of the ten tryptophan residues in the testin are conserved with respect to those present in cathepsin L, as are all of the cysteine residues. The Cys-122 in the active site of all the cathepsins was replaced with Ser-122 in testin. D) Hydropathy plot of testin. This plot was generated with the DNASIS program from Hitachi America, Ltd. (version 7.0) using a window of 6 residues. The average hydropathic index of the entire sequence was -5.7, indicated by the horizontal line, suggesting that the overall testin sequence is hydrophilic. Full scale on the y axis extends from -40 for the most hydrophilic to +40 for the most hydrophobic sequence. Lanes 5 and 9, testin II incubated with 0.05 g trypsin; lanes 10 and 11, testin II incubated at 37°C at low pH for 36 h and 6 h, respectively. Testin II was incubated in the optimal assay conditions for each reaction (see Materials and Methods) for 36 h (lanes 2-5) or 6 h (lanes 6-9) at 37°C. The buffers used for cathepsin D, cathepsin L, and trypsin incubation are described in Materials and Methods. Proteins were then resolved on a 12.5% T SDS-PAGE reducing gel, transferred to nitrocellulose, and subsequently stained with anti-testin II. Each lane contains about 0.25 ILg of purified testin II. Lanes 12 and 13 are identical to lanes 10 and 11, except that [' 25 1]-testin (about 30 000 cpm/lane) was used and the processing of testin was visualized by autoradiography instead of the anti-testin antibody. Arrowhead indicates the testin 31-kDa fragment. B) The 31-kDa fragment cleaved from testin II in the presence of trypsin was purified by HPEC and sequenced; this indicated that the cleavage site was at Gln-94 from the N-terminus. The sequence was obtained by direct protein sequencing using protein electroblotted onto a PVDF member as previously described [19, 21] . C) Radioautograph of [ 5 l]-Testin II was incubated with increasing amounts of trypsin for 1 h at room temperature in the trypsin buffer at pH 7.4 and then resolved onto a 12.5% T SDS-polyacrylamide gel under reducing conditions, fixed with 50% methanol for 1 h, dried, and exposed to x-ray film for 8 h. Two fragments of M, 31 000 and Mr 10 000 were noted. Doolittle [34] . There are five major hydrophobic domains in testin between amino acids 216 and 317 close to the Cterminus (Fig. 3D) . The apparent pI for the entire sequence is 6.69 as determined by the PROSIS program (version 7.0) from Hitachi America, Ltd. (Brisbane, CA), whereas the observed pI for testin is 5.2-6.1 as determined by isoelectric focusing [12] . Such differences may be attributed to the carbohydrate moiety, since testin is a concanavalin A (Con A)-and wheat germ agglutinin (WGA)-reactive protein [12] .
Processing of Testin by Cathepsin D, Cathepsin L, Trypsin, and at Low pH
In view of the striking similarity of the primary sequences of testin and cathepsin L, we investigated whether or not testin would possess the proteolytic activity of cathepsin L. It is known that the activation of cathepsin L involves specific cleavage at low pH at Gln-97 and Asp 273 (Fig. 3C) to release the active enzymatic peptide, amino acids 98-318, from the pro-region (amino acid 1-97), designated activation peptide. The mature form of the active protease is a dimer containing two peptides of amino acids 98-273 and 274-318 that are associated by disulfide bonds [25] . Other studies have shown that cathepsin D can also activate cathepsin L by releasing its activated peptide from the proregion [35] [36] [37] . In light of these observations, we investigated whether or not testin could be processed under conditions known to cleave the activation peptide of cathepsin L to release the enzymatically active peptide. Purified testin II was incubated with various concentrations of cathepsin D, cathepsin L, and trypsin at pH 3.0, 5.5, and 7.4, respectively, in buffers that are optimal for these proteases and also incubated at low pH alone for 6 and 36 h. Incubation of testin with cathepsin D resulted in complete hydrolysis at 36 h (Fig. 4A, lane 2) and partial hydrolysis at 6 h (Fig.  4A, lane 6) . The fragments generated by cathepsin D were no longer immunoreactive. Since Sertoli cells are known to produce cathepsin L, which can undergo auto-activation at an acidic pH [5] , we sought to examine whether this enzyme would activate testin. Testin II incubated with increasing amounts of cathepsin L for 36 h (Fig. 4A, lanes 3-4) These experiments were repeated twice using two separate batches of purified testin II and similar results were obtained in each set of experiments. Another set of experiments was also performed using purified testin I and identical results were obtained. **Human cathepsin L (Calbiochem) and bovine cathepsin D (Sigma) used for this study were obtained commercially without further purification. Rat testicular cathepsin L and testin II were isolated from Sertoli cellenriched culture medium as described in Materials and Methods and their purity was confirmed by SDS-PAGE and direct protein sequencing. ***The buffers used for the protease assays were as follows: trypsin (a serine protease), 25 mM Tris, pH 7.4 containing 3% NaCI; cathepsin L (a cysteine protease), 0.4 mM sodium acetate, 4 mM EDTA, 1 mM DTT, pH 5.5; cathepsin D (an aspartic protease), 40 mM sodium citrate, pH 3.0. Preincubations of testin with different proteases was performed at the pH optimal for the specified protease in a reaction volume of 10 1. Thereafter, the sample was suspended in a final reaction volume of 200 il using corresponding buffers described above at specified pH. and 6 h (lanes 7-8) also showed no specific proteolytic cleavage, suggesting that cathepsin L, in contrast to cathepsin D, did not hydrolyze testin II. Since other studies have shown that collagenase, a metalloprotease, can be activated by trypsin [38] , we also examined the effect of trypsin on testin II. Trypsin induced specific cleavage of testin II to yield a 31-kDa immunoreactive fragment (Fig. 4A , lanes 5 and 9). Direct amino acid sequencing of this fragment using protein electrophoretically blotted onto PVDF membrane indicated that testin II was cleaved at Gln-94 from the N-terminus to generate this 31-kDa fragment vs. Gln-97 in cathepsin L. This site is not a site specifically cleaved by trypsin, since trypsin is a Lys-C and Arg-C protease. Thus, the mechanism by which trypsin induced cleavage of testin at Gln-94 is not known. We have subsequently purified the 31-kDa fragment by HPEC and confirmed its cleavage site by direct protein sequencing (Fig. 4B) . Also, it was dem-onstrated that the purified 31-kDa fragment did not possess any proteolytic activity (Table 1) . Since cathepsin L can be activated by exposure to acidic pH alone, testin was incubated at low pH (3.0) for 36 h and 6 h (Fig. 4A, lanes 10  and 11) . Short exposure time (6 h) to acidic conditions could also produce a 31-kDa fragment but not with the efficiency of trypsin (Fig. 4A, lane 11 vs. lanes 5 and 9), whereas longer exposure time (36 h) (Fig. 4A, lane 10) produced a more extensive hydrolysis compared to the 6-h exposure (Fig. 4A , lane 11 vs. lane 10); experiments using [1 25 I]-testin confirmed this observation (Fig. 4A, lanes 12, 13 vs. lanes 10,  11) . In contrast, exposure of testin to pH 5.5, the assay condition for cathepsin L, did not induce cleavage (Fig. 4A, lanes  3, 4, 7, 8 vs. lanes 10-13) . It was also noted that the 31-kDa fragment generated by exposure of testin to pH 3.0 had the identical cleavage site as that generated by trypsin treatment as verified by direct protein sequencing. Further studies were also performed on the enzymatic cleavage of radiolabeled testin by trypsin to determine the proteolytic processing of testin. When [
125 I]-testin II was incubated with increasing amounts of trypsin, only two fragments, with apparent molecular weights of 31 000 and 10 000, were produced (Fig. 4C, lanes 2-3 vs. lane 1) . The presence of the Mr 10 000 fragment was not noted in the immunoblots described above (Fig. 4A) , suggesting that this fragment was no longer immunoreactive.
Hydrolysis of [ 14 C]Casein by Trypsin, Cathepsin D, and Cathepsin L, and Their Comparison to Testin
When intact and native testin was assayed alone at serial doses in buffers known to activate serine, cysteine, or aspartic proteases, testin did not possess any protease activity whereas cathepsin L isolated from Sertoli cell-enriched culture medium cleaved [1 4 C]casein dose-dependently (Table  1) . Casein was used as the substrate for these assays because it is a universal protease substrate [39] . It was noted blot (A,B), hot-nested PCR (C), and immunoblot (D) . A) Total RNA from various male and female rat tissues (approximately 30 g/lane) was resolved onto a 1.1% agarose-formaldehyde gel, transferred to Nytran nylon filter, and hybridized with an [-32P]-labeled antisense RNA probe synthesized from the 289-bp PCR product as described in Materials and Methods. SC, Sertoli cells prepared from 20-day-old rat testes; Ti, 20-day-old testis; T, adult testis from 60-day-old rats; E, epididymis; K, kidney; B, brain; L, liver; SP, spleen; I, intestine; 0, ovary. All organs were obtained from 60-day-old male or female rats except where noted. B) The same blot as shown in (A) but stained with ethidium bromide showing the 28S and 18S rRNA subunits. C) Hot-nested PCR from 4 g of total RNA from various male and female rat tissues. SC, Sertoli cell; T. testis; E, epididymis; K, kidney; B, brain; L, liver; SP, spleen; I, intestine; 0, ovary; U, uterus. (D) Immunoblot of rat testin in various tissues of adult rats. Sertoli cell-enriched culture media and cytosols from various tissues were fractionated by SDS-PAGE on a 10% T polyacrylamide gel, transferred to nitrocellulose, and stained with anti-testin II antibody. Approximately 2 and 10 jig of Sertoli cell-enriched culture medium (SCCM) were loaded. All other lanes contain approximately 100 ig of total protein from T, testis; SP, spleen; P, prostate; L, liver; B. brain; K, kidney; E, epididymis; 0. ovary; U, uterus; S. serum. that rat testicular cathepsin L failed to cleave [ 14 C]casein without a preincubation period to activate the enzyme. When the testin fragment isolated by HPEC (as shown in Figure  4B ) was assayed for protease activity, it did not possess any protease activity in contrast to human cathepsin L, bovine cathepsin D, and rat testicular cathepsin L (Table 1) . Also, the activated rat testicular cathepsin L failed to induce protease activity in testin (Table 1) . Proteolytic activity of testin was also assayed at various pHs and in several buffer systems to check for the activity of serine, aspartic, and cysteine proteases since it was noted that of the two predicted active sites, Cys-122 and His-260, of cathepsin L, Cys-122 was replaced with Ser-122 in testin while His-260 remained unchanged. Since low pH, trypsin, and possibly cathepsin D may release the activated peptide of testin, we assayed the proteolytic activity of testin preincubated at low pH or with one of the specified proteases on the hydrolysis of [
FIG. 5. A-D) Tissue distribution of testin mRNA examined by Northern
14 C]casein, as shown in Table 1 . Neither low pH, known to activate cathepsin L, nor preincubation with other proteases could induce protease activity in testin (Table 1) . When increasing doses of testin were preincubated at pH 3.0 for 15 h and tested for their ability to proteolytically cleave [' 4 C]casein, no hydrolysis products were found in testing for a cysteine protease (Table 1) . Thus, under all the conditions that are known to activate serine, aspartic, and cysteine proteases, testin did not display any proteolytic activity (Table 1) .
Tissue Distribution of Testin mRNA
Northern blot analysis revealed a 1.6-kb testin transcript in cultured Sertoli cells (Fig. 5A ), immature and adult rat testis, and ovary of the rat (Fig. 5A ), but not in the epididymis, kidney, brain, liver, or spleen from either male or female adult rats. Figure 5B is an ethidium bromide staining of the gel shown in Figure 5A and demonstrates that To test this hypothesis, we amplified the RNA detection sensitivity by hot-nested RT-PCR using about 4 g of total RNA from the various tissues. As shown in Figure 5C , a distinctive band of 268 bp was obtained not only from Sertoli cells, testis, and ovary RNA but also from the epididymis, kidney, and intestine (Fig. 5C ). Immunoblot analysis on the distribution of testin in these tissues showed positive immunoreactive testin only in the Sertoli cell-enriched culture medium and ovary, yielding both testin I and testin II (Fig. 5D ). However, in the testis, spleen, prostate, liver, brain, kidney, epididymis, uterus, and serum of male or female adult rats, testin was not detectable by immunoblot (Fig.  5D) . The apparent absence of testin in the testis and other tissues might simply reflect the limited sensitivity of this technique, which required 10-50 ng of protein for visualization. This study, however, indicated that testin was highly expressed in the Sertoli cell and ovary-an observation consistent with the postulate that the expression of testin is correlated with rapid tissue restructuring in the gonads.
Cross-Reactivity between Testin and Cathepsin L
Since testin shares extensive primary sequence identity with cathepsin L, we examined whether cathepsin L crossreacted with the testin antibody. Serial doses of rat cathepsin L isolated from Sertoli cell-enriched culture medium and bovine cathepsin D, between 0.1 and 50 g/assay tube, were compared with Sertoli cell-enriched culture medium for their ability to displace bound radioactivity (Fig. 6) . It was noted that rat testicular cathepsin L and cathepsin D showed no cross-reactivity with testin. Similarly, human cathepsin L at 0.1-50 jig/assay tube did not cross-react with testin antibody (data not shown).
DISCUSSION
In the present study we have reported the primary amino acid sequence of testin deduced from its nucleotide sequence. Comparison of the testin amino acid sequence with existing sequences at Genbank and EMBL revealed that testin is related to cathepsin L and to mRNAs of mouse CTLA2a and CTLA-2[3. The physiological function of CTLA-2a and CTLA-23 is not known; it has been shown that their mRNAs are detectable in activated T lymphocytes and in mast cells but not in fibroblasts, thymocytes, and liver cells [33] . Interestingly, their nucleotide sequences display striking homology to the mouse cysteine proteinase precursor, but only to the pro-region [32, 33] instead of the enzymatic moiety. Thus, it is unlikely that CTLA-2a and CTLA-2f are proteases. Since the protein molecules encoded by these cDNAs have not been isolated for protease assay, whether or not they are proteases is uncertain. Cathepsin L is a lysosomal cysteine protease initially identified in the liver and kidney [40] [41] [42] . Subsequent studies have shown that it is also secreted by Sertoli cells in the testis [4, 5] . Cathepsin L is an Mr 39 000 protein that consists of an active peptide (amino acids 98-273 disulfide-bonded with amino acids 274-318) and a proregion of amino acids 1-97 from the N-terminus [25, 26] . This pro-region peptide must be removed either by autoactivation at low pH or by another enzyme such as cathepsin D [43] to activate the enzyme [36, 44] . When the precursor form of cathepsin L is treated at pH 3-5, specific cleavage occurs at Gln-97 to yield an intermediate peptide of Ile 98-Asn 318; this then forms the mature protease consisting of two subunits of Mr 25 000 between Ile-98 and Asp-273 and Mr 5000 between Ser-274 and Asn-318 where the two subunits are disulfide-bonded [25, 44] . It is noteworthy that incubation of testin at pH 3.0 or with trypsin at pH 7.4 yields a 31-kDa fragment formed by specific cleavage at Gln-94, similar to what is observed for cathepsin L, as examined by immunoblot analysis. Through use of [' 25 I]-testin II incubated with increasing doses of trypsin, an additional peptide with an apparent molecular weight of 10 000 was also noted; this might represent the N-terminal region of amino acids 1-94 in addition to the Mr 31 000 fragment. Direct protein sequencing of this Mr 10 000 fragment after pH 3.0 incubation or trypsin treatment failed to determine its identity. The N-terminus was blocked, possibly because of modification upon releasing the fragment between Phe-95 and Val-317. Nonetheless, the processing of testin is similar to only one aspect of that of cathepsin L, in that testin can undergo site-specific cleavage at Gln-94, whereas the generation of the 5-kDa fragment from the 31-kDa fragment was not noted. The action of trypsin on testin does not appear to be the result of enzymatic cleavage, since trypsin is a serine protease that cleaves specifically at Lys and Arg from the C-terminus [45] and since the purity of the trypsin used in this study was confirmed by reverse-phase HPLC that yielded a single peak as monitored by a diode array detector at 190-670 nm. It is possible that the exposure of testin to pH 3.0 or trypsin might somehow destabilize its secondary or tertiary structure to allow this specific cleavage to occur. During the purification of testin from Sertoli cell-enriched culture medium, we did not observe the existence of the 31-kDa fragment that cross-reacted with the testin antibody. Also, pulse-chase labeling analysis using [ 3 5S]methionine with primary cultures of Sertoli cells did not yield a 31-kDa fragment either in the cytosol or in the medium [14] . These studies indicate that under normal culture conditions, Sertoli cells do not process testin to the 31-kDa fragment. It is not known, however, whether such cleavage can occur in vivo.
Under the conditions that are known to activate serine, aspartic, and cysteine proteases, testin did not exhibit any proteolytic activity. This is not entirely unexpected as it could be attributable to a single amino acid substitution at the predicted active site of cathepsin L from Cys-122 to Ser-122 in testin. Casein is a universal protease substrate [39] that is cleaved by trypsin, rat testicular cathepsin L, human cathepsin L, and bovine cathepsin L. By contrast, testin had no apparent effect on casein, thus excluding the possibility that it is a cathepsin L-like protease. Other experiments performed during the course of this investigation, in which a quantitative [ 3 H]collagen film assay was used [46] , also showed that trypsin, bovine cathepsin D, and rat testicular cathepsin L cleaved [ 3 H]collagen dose-dependently under conditions known to activate the serine, aspartic, and cysteine protease, respectively; testin or its Mr 31 000 fragment, however, failed to hydrolyze this other substrate. However, it is possible that testin is a unique protease such as cathepsin H, which is a sulfhydryl aminopeptidase [47] that has limited substrate specificity. For instance, cathepsin H cleaves N-terminal amino acid residues with large hydrophobics such as Phe, Trp, Leu, and Tyr or basic side chain (Arg and Lys) and cannot hydrolyze amino acids containing small or polar side chains such as Gly, His, or Pro [47] . However, in view of its unique and widespread localization in the junctional complexes of multiple tissues, testin appears to be a junctional complex-associated molecule that is structurally related to the cysteine protease superfamily but devoid of any protease activity. Such an observation and conclusion are not without precedence. For instance, corticosteroidbinding protein (CBG), an extracellular steroid-binding protein that binds corticosteroid with high affinity [48, 49] , is a member of the serine protease inhibitor superfamily that displays 43, 44, and 31% identity to cxi-antitrypsin, alantichymotrypsin, and antithrombin III, respectively; however, CBG does not exhibit any protease or protease inhibitor activity. Also, E-cadherin (ovomorulin; a Ca 2 +-dependent cell adhesion molecule) is synthesized as a 135-kDa precursor polypeptide that must be specifically cleaved to release a 129 amino acid peptide to generate the 120-kDa mature protein to yield the uvomorulin-mediated adhesion function: it was found that in vitro-expressed uvomorulin, containing a mutated site that could no longer be cleaved to release the 129 amino acid peptide, could not function as a cell adhesion molecule [50] .
The two cDNA clones, T44 and T51, that contain the complete coding sequence for testin are identical in sequence except that T44 has an extra 36 bp in the 5' noncoding region located 52 nucleotides before the initiation codon. The significance of these 36 bp is not known. On the basis of the primary amino acid sequence deduced from testin cDNA, we postulate that there are two possible cleavage sites that yield two virtually identical proteins in a manner similar to that observed for the rat epididymal retinoic acid-binding protein (ERABP). ERABP is an androgen-dependent secretory protein in the epididymis that has two molecular variants, of Mr 18 000 and Mr 18 500, the latter form having three extra amino acids of TEG from the Nterminus; both molecular forms also appear to be coded by the same gene with two different cleavage sites [51] [52] [53] . This postulate is strengthened by the fact that direct amino acid sequencing of five different fragments of testin I and testin II (derived from both an Arg-C and a Glu-C endopeptidase) yields identical sequences for both proteins with the exception of the three amino acid difference at the Nterminus. It is therefore possible that the signal peptide is 16 amino acids for testin II and 19 amino acids for testin I to give rise to these two proteins from the same gene. However, from the work of von Heijne [54] , who examined a sample of 78 eukaryotic signal sequences, it should be noted that the last residue of the signal peptide can be either Ala, Cys, Gin, Gly, Ser, or Thr, but not Pro. It therefore seems improbable for testin I to cleave at Pro, which is its -1 amino acid from the N-terminus. Thus, testin I may arise from testin II as a result of post-translational processing. Alternatively, the two molecular variants of testin that arise from a single gene may be the result of alternative splicing, analogous to the situation with the activin receptor [55] , vinculin [56] , and cathepsin L [57] , which give rise to several molecular variants by alternative splicing of the same gene. To provide a definite answer to this question, we must await the cloning and structural determination of the testin genomic DNA.
Analysis of the hydropathy of the testin primary structure that defines the relative hydrophobicity and hydrophilicity according to Kyte and Doolittle [34] has shown that testin is a hydrophilic protein with an average hydropathic index of 5.7, having five major hydrophobic domains between 216 and 317 amino acids near its C-terminus whereas the sequence around its N-terminus is mainly hydrophilic. Other studies using pulse-chase labeling analysis have shown that testin is rapidly secreted into the medium upon its synthesis [14] . In order for this protein to become an integral component of the cell junction, we postulate that the secreted protein is either activated or internalized so that the hydrophobic domain near its C-terminus attaches to the cell membrane that anchors the protein molecule to become a component of the cell junction.
In this study we noted that testin I and testin II differed by three amino acids at the N-terminus, but the differences in their apparent molecular weights on SDS-PAGE cannot be accounted for by these amino acids. Therefore, it is possible that differential glycosylation might explain the discrepancy, since both testin I and testin II are shown to be Con A-and WGA-reactive [12] .
The localization of testin in the cellular junctions of many tissues examined reveals that this protein is a novel component of these junctions. We have also examined the immunohistochemical localization of testin in the adult rat testis between Sertoli cells and elongated spermatids at stages VII and VIII of the cycle prior to release of the germ cells into the tubular lumen. Immunoreactive testin was localized on the concave surface of the elongated spermatids but not in the round spermatids. Since testin appears to be a component of the cell junction and is localized predominantly near the heads of the elongated spermatids before their release into the seminiferous tubular lumen, it may function as a cell junctional molecule that anchors the elongated spermatids in the seminiferous epithelium until their maturation is completed.
The expression of testin mRNA in gonadal tissues is several orders of magnitude higher than in other tissues, suggesting that its expression is related to the constant turnover of the junctions during germ cell and follicle development. The low abundance of testin mRNA expression in the non-gonadal tissues is correlated with the low rate of junctional complex turnover. Such a postulate can also be used to interpret the drastic increase in the amount of testicular testin in X-irradiated or busulfan-treated rats [13, 15, 16] , during which treatments the germ cells were selectively depleted. Such a dramatic loss in germ cells may induce Sertoli cells to secrete testin to reconstruct the Sertoli-germ cell junctions in the testis. There have been many junctional proteins isolated and studied to date that give a junctional immunocytochemical staining pattern similar to that of testin, such as ZO-1 [58] , vinculin [59] , cadherins [60] , cingulin [61] , -, 13-, and y-catenins [62] , uvomorulin [63] , and a-actinin [64] . These proteins interact with each other and can become tightly associated with actin to induce cell proliferation and cell migration during embryonic development, differentiation, and tissue morphogenesis. These proteins are located at sites where the intracellular microfilament network establishes a morphologically defined junction with the extracellular matrix. For instance, cadherins are a family of transmembrane cell-cell adhesion molecules that are localized in specialized cellular junctions such as the intercellular adherens junction, the intermediate junction, or zonular adherens [65] and in the desmosome [66] . It is known that cadherins interact with each other via their extracellular domain in the presence of calcium [67] . The cytoplasmic domain of cadherins has been shown to interact with a variety of adhesion molecules such as actin, oa-, -, and y-catenins, talins, vinculin, and t-actinin [68] . Recent immunogold studies of vinculin in the rat testis indicated its localization in the ectoplasmic specializations both at sites of attachment of spermatids and adjacent to basal Sertoli cell junctions [69] , similar to the localization of testin. All these molecules have been isolated directly from partially purified junctional complexes or identified with antibodies against such complexes or their components. Several of these tight junction-associated molecules, such as vinculin, has been shown to be synthesized by fibroblasts [70] . In contrast, testin has been shown to be synthesized and secreted by Sertoli cells [13, 14] . In view of its unusual distribution in the cell junctions of various tissues, we postulate that testin is a new component of the cell junction whose expression is correlated with the rate of junctional complex turnover.
In summary, we have determined the primary sequence structure of testin and shown that it is related to members of the cysteine protease superfamily structurally. However, testin is not a cathepsin L-like protease, but is a component of the junctional complexes in the testis and other organs.
